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7KH VWHHSQHVV RI WKH OLQH RQ ERWK XSZDUG DQG GRZQZDUG VORSHV LV D SDUDPHWHU WKDW LQIOXHQFHV WKH
DYHUDJHVSHHGRIWUDLQVDQGKDVDQLQGLUHFWHIIHFWRQWKHLUHQHUJ\FRQVXPSWLRQ/ySH]3LWD$
7KLVSUREOHPGLGQRWH[LVWEHIRUH WKH LQWURGXFWLRQRI KLJKVSHHG LQ WKHZRUOGEHFDXVH HYHQ WKRXJK
FRQYHQWLRQDOOLQHVKDYHVWHHSJUDGLHQWVRQWKHLUVORSHVWKHWUDLQVSHHGZDVOLPLWHGE\WKHFXUYHUDGLLWKDW
H[LVWHG7KHVLQXRVLW\RI WKHFRQYHQWLRQDOQHWZRUNZKLFKSDVVHGDORQJPRXQWDLQVORSHV LQPRVWFDVHV




7KH WUDQVSRUW URXWHV EHWZHHQ %XELHFD DQG 7HUUHU =DUDJR]D VKRZQ EHORZ GLVSOD\V KRZ WKH
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Á7KH HTXLOLEULXP VORSH IRU D FHUWDLQ VSHHG IRU H[DPSOH WKHPD[LPXP WUDLQ VSHHG LV WKH RQH DWZKLFK WKH IRUFH RI JUDYLW\
HTXDOVWKHUHVLVWDQFHIRUFHGUDJDQGWKHWUDLQLVLQHTXLOLEULXPDQGWKHUHIRUHPDLQWDLQVLWVUXQQLQJVSHHG7KHHTXLOLEULXPVORSHLV
GLIIHUHQWIRUHDFKWUDLQDQGIRUHDFKVSHHG
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x 7RLQFUHDVHLWVKHLJKWZKHQHYHUWKHWUDLQ WUDYHOVRQDQXSZDUGVORSH LWVKHLJKWLQFUHDVHVDQGLW
FRQVHTXHQWO\UHFHLYHVHQHUJ\VWRUHGLQWKHIRUPRISRWHQWLDOHQHUJ\
%\FRQWUDVWWUDLQVORVHHQHUJ\



















WKHUHIRUHHTXDO WR WKHDPRXQW OHDYLQJDQG WKHHQHUJ\ WKDW KDVHQWHUHG ILQDOHQHUJ\FDQEHFDOFXODWHG
WKURXJKWKHHQHUJ\WKDWKDVOHIWXVHIXOHQHUJ\
,W LV SUHIHUDEOH WR FDOFXODWH WKH XVHIXO HQHUJ\ HQHUJ\ WKDW OHDYHV WKH YHKLFOH DOVR FDOOHG SRZHU DW
ZKHHOULP XVHG E\ WKH YHKLFOH DQG WR WKHQ DGG WKH ORVV WR GHWHUPLQH WKH ILQDO HQHUJ\ WKDW KDV EHHQ
FRQVXPHGRQ WKH WULS UDWKHU WKDQ WKHRWKHUZD\ URXQGHVWLPDWLQJ WKHHQHUJ\HQWHULQJ WKHYHKLFOHDQG
EDVHGRQWKLVGDWDFDOFXODWLQJWKHHQHUJ\WKDWOHDYHVLW
(QHUJ\ OHDYLQJ WKH YHKLFOH LV WKH HQHUJ\ UHTXLUHG WR RYHUFRPH GUDJ SOXV WKDW ZKLFK KDV EHHQ
GLVVLSDWHGRUUHJHQHUDWHGLQWKHEUDNLQJSURFHVVHV7KHEUDNLQJSURFHVVHVFDQEHGHVLJQHGWRUHGXFHWKH
NLQHWLFHQHUJ\RIWKHWUDLQDSSURDFKLQJDVSHHGUHGXFWLRQSRLQWRUWRUHGXFHWKHSRWHQWLDOHQHUJ\ZKHQ
WUDYHOOLQJ GRZQ D VORSH 6R HQHUJ\ FRQVXPSWLRQ RQ WKH URXWH LQFUHDVHV ZKHQ WKHUH LV DQ LQFUHDVH LQ
VHFWLRQVUHTXLULQJEUDNLQJ
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)LQDOO\ WKH UHVXOWLQJHQHUJ\ &(5FRQVLVWVRI IRXUGLIIHUHQW W\SHVRIFRQVXPSWLRQ WKDW RFFXU LQ WKH
PRYHPHQWRIYHKLFOHVDQGZKLFKDUHH[SUHVVHGDVIROORZV
DX[SF5D(5 ((((&    




:KHQ PRYLQJ WKH WUDLQ KDV NLQHWLF HQHUJ\ VWRUHG WKDW LV XVHG LQ EUDNLQJ WR SURGXFH WRUTXH LQ WKH
RSSRVLWHGLUHFWLRQWRWUDFWLRQDQGZKLFKKHOSVWREUDNHWKHWUDLQ
,Q HOHFWULF WUDFWLRQ G\QDPLF EUDNH DSSOLFDWLRQ ZKLFK LQ WKLV FDVH LV FDOOHG HOHFWULF EUDNH KDV WKH
SULPDU\ FRQVHTXHQFH RI EUDNLQJ WKH WUDLQ EXW LW DOVR KDV WKH HIIHFW RI JHQHUDWLQJ HOHFWULFLW\ ZKLFK LV
LPSRUWDQWLQFHUWDLQFDVHVLQWKHHQHUJ\EDODQFHRIWKHUDLOZD\
7KHUH LV D NLQG RI HOHFWULF EUDNH ZKLFK RQO\ VRPH WUDLQV DUH HTXLSSHG ZLWK FDOOHG UHJHQHUDWLYH
EUDNLQJZKLFKDOORZV WKHXVHDQGUHWXUQRI WKHHQHUJ\JHQHUDWHGGXULQJEUDNLQJ2Q WUDLQV WKDWGRQRW
KDYHWKLVEUDNLQJV\VWHPWKHHOHFWULFLW\SURGXFHGE\WKHHOHFWULFEUDNHLVDOZD\VGLVVLSDWHGLQUHVLVWRUVLQ
WKHWUDLQLWVHOIWKHVRFDOOHGUKHRVWDWLFEUDNH
(OHFWULFDOHQHUJ\JHQHUDWHG LQ WKHEUDNLQJSURFHVV LVQRWXVXDOO\VWRUHG LQ WKH WUDLQ LWVHOI H[FHSW IRU
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:KHQDWUDLQWUDYHOVGRZQDVORSHWKHIRUFHWKDWGULYHVWKHWUDLQLVWKHIRUFHRIJUDYLW\LILWLVJUHDWHU




> @ > @ > @ > @ > @  NP/PPP3VPW0KJ0N:K( UDPSDFDUJSRW u     
7KH HQHUJ\ GLVVLSDWHG LQ WKH EUDNH EHFDXVH WKH VORSH LV JUHDWHU WKDQ WKH HTXLOLEULXP VORSH WKH RQH
ZKLFK PDLQWDLQV WKH VSHHG RI WKH WUDLQ ZLWKRXW DQ\ WUDFWLRQ RU EUDNLQJ LV FDOFXODWHG LQ WKH IROORZLQJ
H[SUHVVLRQ
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ȕ LV D FRHIILFLHQW VKRZLQJ WKDW WKLV HQHUJ\ UHWXUQHG LV D SHUFHQWDJH RI WKH HQHUJ\ GLVVLSDWHG LQ WKH
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GRHV QRW KDYH WR EUDNH WRPDWFK WKHPD[LPXP VSHHG1RW EUDNLQJPHDQV QRW GLVVLSDWLQJ HQHUJ\7KLV
QRQGLVVLSDWHGHQHUJ\LVXVHGWRPDLQWDLQRULQFUHDVHVSHHG





 $GGLWLRQDO HQHUJ\ VDYLQJV%\PDLQWDLQLQJ WKH WUDYHO WLPH LW LV SRVVLEOH WKDW WKH WLPH
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.LOyPHWUH &RQWURO3RLQW $UULYDO 6SHHG &RQVXPSWLRQ &RQXPSWLRQDX[ (UHJHQHUDWLYHEUDNLQJ
NPK N:K N:K N:K
 3%0HGLQDFHOL     
 3%/$UFRVGH-DOyQ     
 3%/6DQWD0GHOD+XHUWD     
 $SW$UL]D     
 3%/&HWLQD     
 3%$OKDPDGH$UDJyQ 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    
 3%/$WHFD     
 &DODWD\XG     
7RWDO  
$OORZLQJ WKH WUDLQ WR UXQ DW D KLJKHU VSHHG RQ GRZQZDUG VHFWLRQV 7KLV VSHHG PXVW EH DFKLHYHG
ZLWKRXWWUDFWLRQRUEUDNHDSSOLFDWLRQ
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7DEOH(QHUJ\FRQVXPSWLRQDQGWUDYHOWLPHRQWKH0HGLQDFHOL&DODWD\XGVHFWLRQE\LQFUHDVLQJWKHVSHHGRQVORSHV
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    
 3%/6DQWD0GHOD+XHUWD     
 $SW$UL]D     
 3%/&HWLQD     
 3%$OKDPDGH$UDJyQ     
 3%/$WHFD     
 &DODWD\XG     
7RWDO  
)ROORZLQJWKHUHVXOWVLWFDQEHVHHQWKDWHQHUJ\FRQVXPSWLRQLVUHGXFHGE\DSSUR[LPDWHO\
N:K RQ WKLV VHFWLRQ RI WKH OLQH DQG LQ WKLV FDVH ZKLFK LQ WXUQ LPSOLHV D  UHGXFWLRQ LQ WRWDO
FRQVXPSWLRQ E\ WKLV WUDLQ RQ WKLV URXWH  N:K WKH WUDYHO WLPH DOVR EHLQJ UHGXFHG EXW WR D




LV UHJHQHUDWHGWDNLQJDZD\ WKH ORVVHV WKDWRFFXU LQ WKHFDWHQDU\ WUDQVIRUPDWLRQ DQGUHWXUQHG WR WKH




,W LVXQGHUVWDQGDEOHWKDW LIDYHKLFOHFDQJRIDVWHUEHWZHHQWZRSRLQWV LWZLOO WDNHOHVVWLPHWRWUDYHO
WKDWGLVWDQFH7KHHIIHFWFDXVHGE\LQFUHDVLQJVSHHGRQGRZQZDUGVORSHVPHDQVVDYLQJWLPHLQWKHRYHUDOO
URXWH FDOFXODWLRQ VLQFH WKH WLPHZLOO UHPDLQ WKH VDPH RQ OHYHO WUDFN DQG XSZDUG VHFWLRQV EXW ZLOO EH
UHGXFHGRQGRZQZDUGVHFWLRQV
7KLV UHGXFWLRQ LV QRW DV SURQRXQFHG DV LQ WKH FDVH RI WKH HQHUJ\ FRQVXPSWLRQ UHGXFWLRQ VLQFH WKH





$QRWKHU DOWHUQDWLYH WKDW DOORZV LQFUHDVHG VSHHG RQ GRZQZDUG VORSHV LV EHLQJ DEOH WR PDLQWDLQ WKH





$QRWKHU DOWHUQDWLYH WRPDLQWDLQ WKH WUDYHO WLPH LV WKH UHGXFWLRQ LQ WUDLQ SRZHU 7KLV ZLOO PHDQ WKDW
WUDLQV KDYH OHVV IRUFH RQ OHYHO WUDFN DQG XSZDUG VHFWLRQV FDXVLQJ D GHFUHDVH LQ VSHHGZKLFKZLOO EH
RIIVHWE\WKHKLJKHUPD[LPXPVSHHGRQGRZQZDUGVHFWLRQV









PD[LPXPVSHHG LVD QHFHVVLW\ WKDWZLOO UHGXFH MRXUQH\ WLPHVDQGKHOSDWWUDFW WUDYHOOHUV WR WKH UDLOZD\
KHQFHVROYLQJWKHEUDNLQJGLVWDQFHSUREOHPLVFRQVLGHUHGDSULRULW\
,QUHFHQW\HDUV UHVHDUFKKDVEHJXQ WR IRFXVRQ WKLVSUREOHPDQG WKH ILUVW VROXWLRQVDUHEHJLQQLQJ WR
DSSHDU )RU H[DPSOH WKH LQWURGXFWLRQ RI WKH (5706  VLJQDOOLQJ V\VWHP ZKLFK SHUPLWV PRYHPHQW
DXWKRUL]DWLRQV XS WR WKH ODVW VKRUW WUDFN FLUFXLW RFFXSLHG E\ WKH ILUVW WUDLQ FRQVLGHUDEO\ UHGXFHV WKH
EUDNLQJGLVWDQFHLQUHODWLRQWRRWKHUVLJQDOOLQJV\VWHPV
$XWKRUVVXFKDV$XODJQLHU	6DUUD]LQFODLPWKDWLWLVSRVVLEOHWRJRIURPNLORPHWUHVSHU
KRXU WRNLORPHWUHVSHU KRXUZLWKRXW DQ LQFUHDVH LQEUDNLQJGLVWDQFH WKDQNV WR WKHXVHRI WKH ODWHVW
EUDNLQJWHFKQRORJ\
0DQ\ VWXGLHV VWDWH WKDW WKH VROXWLRQ OLHV LQ DFKLHYLQJ KLJK HPHUJHQF\GHFHOHUDWLRQV$FFRUGLQJ WR D
VWXG\FDUULHGRXWE\(PHU\	(3)//,7(3WKHFRPELQHGXVHRIHGG\FXUUHQWEUDNHVDGKHVLRQ





GRZQZDUG VORSHV 7KLV ZRXOG VOLJKWO\ UHGXFH WKH WUDYHO WLPH VLQFH WKH WUDLQ UXQV DW KLJKHU VSHHGV RQ
WKHVHGRZQZDUGVORSHVDQGLWZRXOGDOVRUHGXFHWKHHQHUJ\FRQVXPHGVLQFHLWEUDNHVOHVVRQGRZQZDUG
VORSHV
7KLV LQFUHDVH ZRXOG JLYH XV RWKHU DGYDQWDJHRXV DOWHUQDWLYHV VXFK DV UHGXFLQJ WKH SRZHU RI WUDLQV
ZKHQ LW FRPHV WR WKHLU GHVLJQ RU UHGXFLQJ WKH PD[LPXP VSHHG RQ OHYHO WUDFN DQG XSZDUG VHFWLRQV
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